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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a front end module of a 
wireless communication module wherein a check time at design 
of a main board of a front end section is reduced and 
components and modules in use are made composite and 
downsized so as to decrease the occupied area of them on the 
main board. 

SOLUTION: A front end module is provided with a high 
frequency power amplifier 2, a coupler 4 that branches a signal 
amplified by the high frequency power amplifier 2 and an 
antenna switch (ASM) 7 including a switch switching a 
transmission/reception signal and a filter, components including 
the high frequency power amplifier 2, the coupler 4 and the ASM 
7 are mounted onto a multilayered board and unified, and at 
least capacitive and inductive elements of the elements 
configuring the components are built in the multilayered board. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] . 
[Claim 1] The power amplification for RFs, and the directional coupler which separates spectrally the signal 
amplified with this power amplification for RFs, It is the front end module for radio communication 
equipments equipped with the antenna switch which has the switch and filter which change a transceiver 
signal. While mounting said power amplification for high frequency, a directional coupler, and components 
including an antenna switch in a multilayer substrate and unifying The front end module for radio 
communication equipments characterized by building a capacitance component and an inductance 
component in said multilayer substrate at least among the components which constitute said component. 
[Claim 2] The front end module for radio communication equipments according to claim 1 characterized by 
having combined VCO which constitutes the front end section other than said component, the matching 
circuit, and the SAW filter, having mounted in said multilayer substrate and uniting with it. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the front end module for radio communication equipments 
used for the various radio communication equipments containing a portable telephone, PHS telephone 
(personal handy phone machine), and the Personal Digital Assistant that has a radio function. 
[Description of the Prior Art] Hereafter, the conventional example is explained. 

(1) : the definition of the vocabulary used on terminological definition book specifications is as follows, 
a: PA (Power Amplifier) is power amplification (power amplifier). 

b: VCO (Voltage-Controlled Oscillator) is a voltage controlled oscillator. 

c: LNA (Low Noise Amplifier) is a low noise amplifier (low noise amplifier). 

d: RF (Radio Frequency) is a RF and "RF circuit section" is the RF circuit section. 

e: A radio communication equipment is equipment containing a portable telephone, PHS telephone, the 

Personal Digital Assistant that has a radio function. 

f: GSM (The Global System For Mobiles) is the name of the standard digital cellular-phone system for 
Europe. TDMA/TDD which multiplexes eight channels is used in GSM. Moreover, in GSM, it is frequency 
900MHZ. "GSM900" frequency 1.8GHZ to be used "GSM1800" frequency 1.9GHZ to be used There is 
"GSM1900" to be used. 

g: DCS (Digital Cellular System) is a kind of the communication mode used for an automobile, a 
cellular-phone system, etc. 

h: "typ" (tee PIIKARU) of "dBmtyp" which shows an antenna output etc. — standard semantics — it is — 

for example, 33dBmtyp It means that standard output is 33dBm. 

An i:APC (Auto Power Control) circuit is an auto power control circuit. 

j: LTCC (Low Temperature Cofired Ceramics) is a low-temperature baking ceramic. 

k: MMIC (Monolithic Microwave Integrated Circuit) is a monolithic microwave integrated circuit, and performs 
magnification and a strange recovery of the signal of a microwave range. Components, such as resistance 
besides a transistor and a capacitor, are unified and one IC chip is piled up. 
I: ASM is an antenna switch module. 

m: LTCC (Low Temperature Cofired Ceramics) is a low-temperature baking ceramic, 
n: A coupler (Coupler) separates an input signal spectrally (directional coupler). 

(2) : an I/O be adjusted to SOohms of nominal ratings, and the I/O resistance of a demand in the use 
frequency band, and, as for the components (it be hereafter describe as "components' also including 
modules, such as power amplification and an antenna switch) use for the front end section of the concrete 
portable telephone of the explanation former of the conventional example, had acquire the RF property 
which be connect and need components on the main substrate. 

[Problem(s) to be Solved by the Invention] The following technical problems occurred in the above 
conventional things. When the components by which I/O is adjusted to 50 ohms of the conventional nominal 
ratings were connected on the main substrate, the property needed with the lack of matching could not be 
acquired. The cause is for a phase to shift by leading about of the transmission line on the main substrate, 
for the gap from 50ohms to become large and for the impedance between the components connected to 
produce mismatching, and by the parasitic capacitance and the inductor component on the main substrate, 
when the property of components produced mismatching, it was generated. In order to cope with these 
problems, after preparing the matching circuit for between components on the main substrate and attaching 
the adjusted components, adjustment was again performed on the substrate. As mentioned above, when the 
components according to individual were connected on the main substrate, by the matching gap by leading 
about of the main substrate, and the matching gap by the increment in the parasitism component on the 
main substrate, property degradation arose in an insertion loss, output power, and power efficiency, the need 
of performing readjustment on the main substrate occurred, and increase of the design time of the main 
substrate was generated. Since the basic properties (communication link time amount etc.) of the power 
amplification which treats high power especially, and the radio communication equipment which contains a 
portable telephone according to the matching condition of an antenna switch deteriorated, especially 
matching adjustment on the main substrate had taken cautions. This invention solves such a conventional 
technical problem, shortens the examination time amount at the time of the main substrate design in the 
front end section of a radio communication equipment, carries out the compound miniaturization of the 
components used, and aims at enabling it to reduce the occupancy area on the main substrate. 
[Means for Solving the Problem] This invention was constituted as follows in order to attain the 
aforementioned purpose. 

: (1) The power amplification for RFs (PA), and the directional coupler which separates spectrally the signal 
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amplified with this power amplification for RFs (coupler), It is the front end module for radio communication 
equipments equipped with the antenna switch (ASM) which has the switch and filter which change a 
transceiver signal. While mounting said power amplification for high frequency, a directional coupler, and 
components including an antenna switch in a multilayer substrate and unifying, it is characterized by building 
a capacitance component and an inductance component in said multilayer substrate at least among the 
components which constitute said component. Moreover, in said front end module for radio communication 
equipments, VCO which constitutes the front end section other than said component, a matching circuit, 
and an SAW filter are combined, and it is characterized by having mounted in said multilayer substrate and 
uniting with it. 

(Operation) The front end module of said radio communication equipment contains the capacitance 
component and the inductance component in the multilayer substrate at least among the components which 
constitute said component while it mounts the power amplification for high frequency, a directional coupler 
(coupler), and components including an antenna switch in a multilayer substrate and unifies. Moreover, VCO 
which constitutes the front end section other than said component, a matching circuit, and an SAW filter are 
combined, and it mounts in a multilayer substrate and is uniting with it. Therefore, the examination time 
amount of connection of the power amplification on the main substrate, examination of connection of an 
antenna switch and an antenna switch, and an SAW filter can be abolished by using said front end module. 
Moreover, the design time of the main substrate can be shortened by using the components corresponding 
to a multi-band. Moreover, a miniaturization becomes possible because include an inductance component 
and a capacitance component in the interior of a multilayer substrate and they carry out a modularization, 
and the occupancy area on the main substrate can be reduced. Moreover, what the inductance component 
used for power amplification at the inner layer of a multilayer substrate, a capacitance component and the 
inductance component used for an antenna switch, and a capacitance component are made for (it builds) 
can attain the further miniaturization. Prevention of compaction of a substrate design time [ in / as 
mentioned above / the front end section of the main substrate ], a miniaturization, and high frequency 
property degradation and reduction of the components for matching are attained. 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail 
based on a drawing. 

The block diagram of the circuit currently used for the explanation GSM portable telephone of the front 
end section of a portable telephone is shown in drawing 1 . Since the property made into the purpose of a 
GSM portable telephone is acquired on the main substrate of said portable telephone, the matching 
adjustment after connection of PA2 and ASM7 of a transmitting system and the matching adjustment after 
ASM7 of a receiving system and connection of SAW filter (SAW) 10 take examination time amount. Then, the 
examination time amount of examination of the connection of PA2 and ASM7 on the main substrate and 
connection of ASM7 and SAW filter 10 can be abolished by using the joule into which the block of said 
component was packed. The combination of said component can consider (the PA2+ coupler 4), (PA2+ 
coupler 4+ASM7), (PA2+ coupler 4+ASM7+SAW1 0), etc. (ASM7+SAW1 0), and may incorporate TxVCO (VCO 
of a transmitting system) 1. and the APC circuit 5. Moreover, although more complicated adjustment is 
needed since the path of transmission and reception increases twice and 3 times if it is the case of the 
front end section in the radio communication equipment corresponding to a multi-band (GSM/DCS), the 
design time of the main substrate can be shortened by using the module corresponding to a multi-band. 
Moreover, a miniaturization becomes possible because include the inductance component and capacitance 
component which constitute each part article in the interior of a multilayer substrate (building) and they 
carry out a modularization, and the occupancy area on the main substrate can be reduced. Moreover, what 
the inductance component used for a inner layer at PA2, a capacitance component and the inductance 
component used for ASM7, and a capacitance component are made for using a LTCC substrate (it builds) 
can attain the further miniaturization. 

**2: Explain the example of a GSM portable telephone concretely based on drawing 1 below concrete 
explanation. In drawing 1 , TxVC0 1 is the transmitting system VCO and obtains the oscillation frequency 
which he wishes with a control electrical potential difference. PA2 performs power amplification of an input 
signal (RF amplifying circuit). The APC circuit 5 is for stabilizing the output of PA2. ASM7 is an antenna 
switch module which has the switch and filter which are connected to an antenna 8 and change transmission 
and reception. SAW filter 10 is a filter for attenuating signals other than the band included in an input signal. 
TxVC0 1, PA2, the coupler 4, ASM7, and SAW filter 10 have adjusted I/O to 50 ohms, respectively. When it 
mounts each part article on the main substrate, a transmission line may be lengthened from constraint of 
structure and a gap of matching occurs. In order to amend the gap, the matching circuits 3, 6, and 1 1 were 
formed between each part articles on the main substrate, and adjustment was needed at the time of the 
design of the main substrate. The output from PA2 is set also to 2W in a GSM portable telephone. If a gap of 
matching becomes large, in order to obtain the output specified, the consumed electric current will become 
large, consumption of a dc-battery will become quick, and the time amount which can be talked over the 
telephone will decrease. In order to solve this problem, while mounting the components of the part shown as 
the minimum and a front end module 13 of drawing 1 in a multilayer substrate and unifying, a capacitance 
component and an inductance component are built in said multilayer substrate at least among the 
components which constitute said component. Moreover, in said front end module, VCO (TxVCOD which 
constitutes the front end section other than said component, a matching circuit (the matching circuit 3, 6 
grades), and SAW filter 10 are combined, and it mounts in said multilayer substrate and unites with it. And 
the main substrate can be easily designed now by building this front end module into the main substrate. 
That is, while PA2, a coupler 4, ASM7, and the matching circuits 3 and 6 are mounted and united with a 
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multilayer substrate by said front end module 13, a capacitance component and an inductance component 
are built in said multilayer substrate at least at it among the components which constitute said component. 
Of course, the main substrate can be more easily designed to said module 13 by building each part article of 
TxVCOl besides said component, SAW filter 10, and the APC circuit 5 into a multilayer substrate together. 
**3: some GSM portable telephones — some detail block description-of-drawing GSM portable telephones 
— a detail block diagram is shown in drawing 2 . The circuit diagram shown in drawing 2 is the circuit of the 
transmitting system generally used for the portable telephone for GSM, and supports the circuit inside said 
front end module 13. in addition, drawing 2 — setting — L1-L9 — a coil (inductance component), and 
C1-C16 — in a capacitor (capacitance component), the transistor for [2 / R1-/ R ] magnification in 
resistance, and Tr1-Tr3, and Vcc, a receiving-side terminal and ANT show an antenna side edge child, and, 
as for a power source and IN, CP1 shows the coupler circuit section, as for an input terminal and Rx. It is 
33dBm(2W) typ in an antenna edge (edge of an antenna 8) by inputting a 0-10dBm signal into the input (IN) 
of PA2 in the circuit shown in drawing 2 . It outputs. The output impedance in DC cut capacitor C10 for an 
output of PA2 is adjusted to 50 ohms. They are 33dBmtyp(s) in an antenna edge. In order to obtain, in 
consideration of latter loss, the output of 35dBm or more is required at said capacitor C10 edge. In order to 
carry out the monitor of the PA output power in the coupler circuit section CP 1 which constitutes a 
coupler 4, power is distributed, and it outputs to the detection section through a capacitor C1 1. Coupler 
circuit section CP1 output is inputted into ASM7 through the matching circuit (circuit which consists of a 
coil L7 and a capacitor C12) 6. In ASM7, an electrical potential difference (about 3V) is impressed to the 
terminal of a Tx/Rx (transmission/reception) circuit changing switch, and by making diode D1 into an ON 
state, transmitted power is supplied to an antenna edge and it is transmitted. Although I/O of the coupler 
circuit section CP 1 in a coupler 4 is also adjusted to 50 ohms, by the design of the main substrate, the 
transmission line will be too long, or when stray capacity is large, mismatching will occur between the couple 
circuit sections CP 1 from a capacitor C10. Then, it will be coped with by adding a matching circuit. The 
matching circuit (circuit which consists of a coil L10 and a capacitor C17) 3 was also needed by the same 
reason. If the modularization of said circuit is carried out with a LTCC substrate, in order to be able to 
connect from the capacitor C10 to the coupler circuit section CP 1 by the shortest, to build LC (L: 
inductance, C:capacitance) component and CP1 in a inner layer and to perform adjustment with a module, 
the matching circuits 3 and 6 can be deleted and a miniaturization becomes possible. 

**4: The frond which mounted two circuits shown in drawing 2 by the front end module for explanation dual 
of the front end module for dual ] (GSM/DCS band), and the modular example of a configuration are shown 
in drawing 3 . The matching LC component for an output, PA2 and the matching component for between 
couplers 4, and LC component for ASM7 are built in a inner layer. Moreover, MMIC of PA2, a high capacity 
capacitor, diode for ASM7, etc. are mounted in the front face of this front end module. In addition, in this 
example, the dimension of a front end module is 13.5mmx1 1.0mm, and is miniaturized compared with said 
case where a modularization is not carried out. 

[Effect of the Invention] As explained above, according to this invention, there is the following effectiveness. 
The front end module of a radio communication equipment contains the capacitance component and the 
inductance component in the multilayer substrate at least among the components which constitute said 
component while it mounts the power amplification for high frequency, a directional coupler (coupler), and 
components including an antenna switch in a multilayer substrate and unifies. Moreover, VCO which 
constitutes the front end section other than said component, a matching circuit, and an SAW filter are 
combined, and it mounts in a multilayer substrate and is uniting with it. Therefore, the examination time 
amount of connection of the power amplification on the main substrate, examination of connection of an 
antenna switch and an antenna switch, and an SAW filter can be abolished by using said front end module. 
Moreover, the design time of the main substrate can be shortened by using the components corresponding 
to a multi-band. Moreover, a miniaturization becomes possible and the occupancy area on a main substrate 
can be reduced because include an inductance component and a capacitance component in the interior of a 
multilayer substrate (building) and they carry out a modularization. Moreover, what the inductance 
component used for power amplification at the inner layer of a multilayer substrate, a capacitance 
component and the inductance component used for an antenna switch, and a capacitance component are 
made for (it builds) can attain the further miniaturization. Prevention of compaction of a substrate design 
time [ in / as mentioned above / the front end section of the main substrate ], a miniaturization, and high 
frequency property degradation and reduction of the components for matching are attained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the GSM portable telephone in the gestalt of operation ot this 

some GSM portable telephones in the gestalt of operation of this invention — it is a detail block 

diagram 

["Drawing 31 It is drawing showing the module for dual modes in the gestalt of operation of this invention. 
[Description of Notations] 

1 Transmitting System VCO 

2 PA (Power Amplification) 

3 Matching Circuit 

4 Coupler (Directional Coupler) 

5 APC Circuit (Auto Power Control Circuit) 

6 Matching Circuit 

7 ASM (Antenna Switch Module) 

8 Antenna 

9 Matching Circuit 

10 SAW Filter 

1 1 Matching Circuit 

12 LNA (Low Noise Amplifier) 

1 3 Front End Module 

L1-L9 Coil (inductance component) 
C1-C16 Capacitor (capacitance component) 
R1-R2 Resistance 

Tr1-Tr3 Transistor for magnification 

Vcc Power source 

IN Input terminal 

Rx Receiving-side terminal 

ANT Antenna side edge child 

CP1 Coupler circuit section 
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